Abstract
Methods
A retrospective cohort study of internal medicine patients visiting the emergency department between September 1 st 2010 and August 31 st 2011 was performed. All emergency department visits by internal medicine patients 226565 years old and a random sample of internal medicine patients <65 years old were included. Organisational factors were defined as non-medical factors. ED-LOS is defined as the time between ED arrival and ED discharge or admission. Prolonged ED-LOS is defined as 75 th percentile of ED-LOS in the study population, which was 208 minutes.
Results
Data on 1782 emergency department visits by elderly patients and 597 emergency department visits by younger patients were analysed. Prolonged ED-LOS in elderly patients was associated with three organisational factors: >1 consultation during the emergency department visit (odds ratio (OR) 3.2, 95% confidence interval (CI) 2.3-4.3), a higher number of diagnostic tests (OR 1.2, 95% CI 1.16-1.33) and evaluation by a medical student or non-trainee resident compared with a medical specialist (OR 4.2, 95% CI 2.0-8.8 and OR 2.3, 95% CI 1.4-3.9). In younger patients, prolonged ED-LOS was associated with >1 consultation (OR 2.6, 95% CI 1.4-4.6). Factors associated with shorter ED-LOS were arrival during nights or weekends as well as a high urgency level in elderly patients and self-referral in younger patients.
Conclusion
Organisational factors, such as a higher number of consultations and tests in the emergency department and a lower seniority of the physician, were the main aspects associated with prolonged ED-LOS in elderly patients. Optimisation of the organisation and coordination of emergency care is important to accommodate the needs of the continuously growing number of elderly patients in a better way.
Background
The Emergency Department (ED) manages complex patient populations and is under continuous time pressure [1, 2] . The increase in the number of ED visits over the past decade has resulted in ED crowding [3] [4] [5] . In particular, the substantial growth of ED visits by elderly patients ( 65 years old) has placed a heavy burden on the acute care system [6] [7] [8] [9] . ED crowding leads to prolonged emergency department length of stay (ED-LOS), delay in treatment and a worse medical outcome, such as a longer hospital stay and a higher mortality rate [3, 5, 8, [10] [11] [12] . In addition, prolonged ED-LOS reduces patient satisfaction and has a negative impact on the quality of care and the adherence to ED guidelines [3, 13] . Therefore, ED-LOS is marked as an important quality indicator of emergency care [14] [15] [16] [17] [18] . The association of prolonged ED-LOS with poor patient outcome has been studied in various settings and patient groups, demonstrating diverse results [19] [20] [21] [22] . As to whether the patients' age has an effect on ED-LOS remains unclear from previously published reports. ED-LOS has been reported to exceed 4 hours in 26% of elderly patients and in 11% of patients aged 18-64 years [23] . In contrast, a large prospective study showed no association between prolonged ED-LOS and age [24] .
Elderly patients represent a complex population in the ED, owing to a sometimes atypical presentation and to the presence of multi-morbidity [25] . In addition, they often have high urgency problems and are frequently transported by ambulance [26, 27] . In elderly patients, an ED visit may prelude functional decline. The average 30-day mortality rate of elderly patients following an ED visit is 10% [25, 28] . Given the anticipated increasing size of this vulnerable population presenting to the ED, it is necessary to avoid prolonged ED-LOS in order to maintain and improve patient outcome and quality of care at the ED. Our hypotheses are that ED-LOS is mainly influenced by organisational factors instead of disease-related factors and that the influence of organisational factors on prolonged ED-LOS is more prominent in elderly patients than in younger patients (<65 years old).
The objectives of this study are to assess the association of medical factors and organisational factors with ED-LOS in elderly patients and to explore the effect of age on predicting factors of prolonged ED-LOS.
Methods

Study design, setting and participants
Exemption of approval by the Institutional Review Board of Máxima Medical Centre (MMC) was acquired. A retrospective cohort study was conducted at MMC, a 550-bed teaching hospital in the Netherlands. Approximately 28,000 patients visit the ED of Máxima Medical Centre annually, of which 13-14% requires assessment by an internist. Most patients for internal medicine are referred to the ED by a general practitioner (GP, who provide service 24/7) (51.8%), while others are referred by ambulance (10.9%), are referred by medical specialists (8.5%), or are self-referrals (28.8%). Either a medical student in the last year of medical education, a nontrainee resident (physicians who have not yet started traineeship in a clinical speciality), a trainee resident or an emergency physician will assess the patients presenting to the ED, supervised by an internist [29] .
Data on all ED visits of patients 65 years old, referred to the ED for internal medicine between September 1 st 2010 and August 31 st 2011, were extracted according to a fixed data collection form by one investigator. Given the retrospective observational design, no informed consent was obtained, as patient data was anonymized and deidentified during data extraction and prior to statistical analysis, and accessing of data by the authors (excluding SB). The authors may have had interactions with the patients used in the study (SB, SL, and HH), which was considered in the waiver of approval provided by the Ethics Committee of MMC. A sample of patients < 65 years old, presenting to the ED for internal medicine, was randomly obtained from the ED visit list by the random SPSS procedure (IBM SPSS Statistics for Windows, Version 19.0, Armonk, New York). The sample population of younger patients was comparable with the total population of younger patients in terms of age, gender, day of ED presentation, time of ED presentation, mode of presentation, triage category and final disposition, as visually checked with descriptive statistics and tested using Chi-square and unpaired T-tests. Exclusion criteria were an overt incorrect ED recording time or a principle treating specialty in the ED other than internal medicine.
classified as aspecific complaints. The following ICD-10 categories were combined into the group "miscellaneous": diseases of the musculoskeletal system, genitourinary system, eye and adnexa, ear and mastoid process, skin and subcutaneous tissue, injury or poisoning, and external causes of morbidity and mortality (See S1 Table) . The Charlson Co-morbidity index (CCI) was calculated to assess the comorbidity levels of the patients [30] . Polypharmacy was defined as the use of five or more different medications [31] . Time of presentation was classified as morning (7.00-11.59 h), afternoon (12.00-16.59 h), evening (17.00-23.59 h) and night (0.00-6.59 h). Mode of presentation was categorised into referral by a GP, ambulance or medical specialist and self-referral. ED recording times (in minutes) were sectioned into 1) time in waiting room: time from ED arrival to ED bed placement, 2) time to triage: time from ED arrival to assignment of a triage category, 3) treatment time: time from ED bed placement to final disposition and 4) ED-LOS: time between ED arrival and ED discharge or hospital admission. Triage at presentation was performed using the Manchester Triage System (MTS) [32] . Urgency levels were classified as high (MTS categories red and orange), moderate (MTS category yellow) and standard (MTS category green (no patients are assigned to MTS category blue at the ED)). The seniority of the first physician was classified as medical student in last year of medical education, non-trainee resident, trainee resident or medical specialist (internist or emergency physician) [33] . Diagnostic tests performed at the ED comprised of a blood test, an arterial bloodgas test, a urine test, a culture test, an electrocardiogram (ECG), an X-ray, ultrasonography, computed tomography (CT) scan or magnetic resonance imaging (MRI). Medical procedures consisted of intubation, placement of urinary catheter or gastric tube, cardiac rhythm monitoring and administration of oxygen. Prolonged hospital LOS was defined as a stay that lasted longer than the 75 th percentile of hospital LOS from ED discharge until hospital discharge, as calculated for all patients that were hospitalised, which was 12 days.
Statistical analysis
Statistical analysis was performed using SPSS version 19.0. Comparisons of the characteristics of patients 65 years old and patients < 65 years old were tested using the Chi-square test for categorical variables. The numerical variables were tested using one-way analysis of variance (ANOVA), the Kruskal-Wallis test, Mann-Whitney U-test, and unpaired T-test, depending on the number of groups and the distribution pattern of the variable. Missing data were categorised as "unknown" and included in the analyses to assess the influence of missing data on ED-LOS. Univariable and multivariable logistic regression analyses were performed in order to estimate the effect of various factors on prolonged ED-LOS and to calculate the odds ratio (OR) with 95% confidence intervals (CI). Multivariable analysis was done to calculate adjusted OR (ORadj) and included all variables from the univariable analysis associated with prolonged ED-LOS with a pvalue of 0.05. A two-sided p-value < 0.05 was considered statistical significant.
Results
Study population
In the study period, 4137 ED visits by internal medicine patients were recorded, of which 1784 visits (43.1%) were made by 1435 elderly patients (Fig 1) . Two ED visits by elderly patients were excluded because of inaccurate ED recording times. In the same period, 2353 ED visits were by younger patients, of which 597 (25%) visits made by 564 patients were randomly selected (Fig 1) . Baseline characteristics and medical factors. The sex distribution was similar for both the elderly and younger patients visiting the ED (Table 1) . Elderly patients had more comorbidity (CCI 2.5 vs. 1.0, p < 0.001) and more prevalent polypharmacy (57.7 vs. 17.1%, p < 0.001) than younger patients (Table 1) . They also had visited the ED (28.3 vs. 21.1%, p < 0.001) more often and were hospitalised (28.1 vs. 14.2%, p < 0.001) more often in the three months before the ED visit than younger patients. In total, 1100 (61.7%) elderly patients presented with aspecific complaints, of whom 11.0% had a high urgency level, 57.6% moderate, 30.7% standard, and 0.6% were not classified. In younger patients with aspecific complaints (65.3%), 6.4% had a high urgency level, 54.1% moderate, 36.9% standard, and 2.6% were not classified.
Organisational factors. Elderly patients were referred by their GP in 71.3% of cases compared with only 38.2% in younger patients (Table 1 ). In both age groups, most patients presented to the ED on Friday (16.4% in elderly and 17.6% in younger patients). The diagnostic work-up in the ED was more extensive for elderly patients (mean: 3.2 tests in elderly patients vs. 2.1 in younger patients, p < 0.001). Elderly patients more often received medication (42.8 vs. 35 .9%, respectively, p = 0.011) and underwent medical procedures (41.9 vs. 26.5%, respectively, p < 0.001) at the ED than younger patients. In 72.9% of elderly patients, the ED visit resulted in hospital admission, compared with 38.7% of younger patients (p < 0.001). If hospitalised, the median hospital LOS was 6 days in elderly patients (range 1-91) and 3 days (range 1-89) in younger patients (p < 0.001).
ED recording times
The median ED-LOS was 172 minutes in elderly patients (range 6-542), compared with 147 minutes for younger patients (range 3-413, p < 0.001) (Fig 2) . Among elderly patients, 27.1% experienced a prolonged ED-LOS (i.e. ED-LOS 208 min), compared with 20.3% for younger patients (p = 0.002). The ED-LOS exceeded 4 hours in 16.3% of elderly patients and 11.2% of patients <65 years (p = 0.003). The median treatment time for elderly patients was 158 minutes versus 130 minutes for younger patients (p < 0.001). Both the time spent in the waiting room (5 vs. 2 minutes, p<0.001) and time to triage (10 vs. 9 minutes, p = 0.011) were longer in elderly patients than in younger patients.
Determinants of prolonged ED-LOS
Baseline characteristics and medical factors. In the elderly, a moderate urgency level (compared with a standard urgency), was associated with prolonged ED-LOS (OR 1.3, 95% CI 1.01-1.59). Unknown medical history (versus no medical history) was associated with a lower risk of prolonged ED-LOS (OR 0.2, 95% CI 0.1-0.9) ( Table 2) . Over a quarter (27.6%) of elderly patients with aspecific complaints had a prolonged ED-LOS. The triage level distribution in those patients was similar to those without prolonged ED-LOS. The presence of cognitive impairment (e.g. dementia or delirium) was not associated with prolonged ED-LOS in elderly patients (OR 1.3, 95% CI 0.9-1.8), nor was the presence of polypharmacy or the presenting complaint (Table 2) . In younger patients, polypharmacy (OR 1.7, 95% CI 1.1-2.9), previous hospital admission (OR 1.7, 95% CI 1.02-2.87), and a presenting complaint classified as "miscellaneous" (OR 0.5, 95% CI 0.3-0.8) rather than aspecific complaints were associated with prolonged ED-LOS (Table 2 ). In younger patients with aspecific complaints, 23.4% had a prolonged ED-LOS, of which 63.7% had a moderate urgency level and 31.9% a standard.
Organisational factors. Risk of prolonged ED-LOS was lower for elderly patients who arrived over the weekend compared with those arriving on a weekday (OR 0.7, 95% CI 0.5-0.9). Similarly, the risk of prolonged ED-LOS was lower during the night (OR 0.4, 95% CI 0.2-0.6) than the morning. The risk was also lower if the patient was referred by a medical specialist (OR 0.66, 95% CI (0.44-0.99) or self-referral (OR 0.6, 95% CI 0.4-0.9), compared with referral by a GP (Table 3) .
In both elderly and younger patients, more diagnostic tests performed on the ED (OR 1.2, 95% CI 1.1-1.3 and OR 1.3, 95% CI 1.1-1.5), > 1 consultation (OR 2.7, 95% CI 2.0-3.6 and OR 2.6, 95% CI 1.5-4.5) and lower seniority of physician (OR 1.7, 95% CI 1.1-2.9 and OR 2.4, 95% CI 1.04-5.79 when evaluated by a non-trainee resident) at the ED were associated with prolonged ED-LOS. Younger patients arriving by ambulance or after self-referral had a shorter ED-LOS (OR 0.4, 95% CI 0.2-0.9 and OR 0.4, 95% CI 0.3-0.7, respectively).
Multivariable analysis of factors associated with prolonged ED-LOS
The only baseline or medical characteristic associated with prolonged ED-LOS in elderly patients after multivariable adjustment for other variables was a high urgency level (ORadj 0.4, 95% CI 0.2-0.6) versus a standard urgency level (Table 4) .
However, several organisational factors were associated with prolonged ED-LOS in elderly patients, including, > 1 consultation (ORadj 3.1, 95% CI 2.3-4.2), the number of diagnostic (Table 4) . Weekend or night-time arrivals were associated with shorter ED-LOS in elderly patients (ORadj 0.7, 95% CI 0.5-0.9 and ORadj 0.4, 95% CI 0.2-0.7, respectively).
In younger patients, the number of consultations and self-referral remained associated with prolonged ED-LOS in the multivariable analysis (ORadj 2.6, 95% CI 1.5-4.7 and ORadj 0.6, 95% CI 0.35-0.99, respectively) ( Table 4) . Correlation between hospital admission, placement and ED-LOS
The median ED-LOS for elderly patients discharged home was shorter than for those who were hospitalised (158 and 175 minutes, respectively, p < 0.001). The ED-LOS was comparable for both elderly and younger patients if admitted to an ICU (intensive care unit) or medium-care unit, as compared with admission to the acute medical unit or general ward (OR 1.2, 95% CI 0.6-2.3 and OR 2.8, 95% CI 0.8-9.8, respectively). If admitted, the median hospital LOS in elderly patients was longer if ED-LOS was prolonged rather than normal (8 days (range 1-91) vs. 6 days (range 1-74), p < 0.001). In younger patients, as well, the median hospital LOS was longer in patients with prolonged ED-LOS than in those with a normal ED-LOS of 5 days (range 1-41) versus 2 days (range 1-89, p = 0.001). Accordingly, a prolonged hospital LOS (i.e. a hospital LOS 12 days) occurred more frequently in elderly patients with prolonged ED-LOS than in those with normal ED-LOS (35.0 vs. 24.7%, OR 1.6, 95% CI 1.3-2.1). Similarly, in younger patients with prolonged ED-LOS, a prolonged hospital LOS occurred more frequently than in those with normal ED-LOS (22.6 vs. 10.7%, OR 2.4, 95% CI 1.1-5.3).
Discussion
In this study, we have demonstrated that the ED-LOS is considerably longer (30 minutes) in elderly internal medicine patients than in younger patients. The effect of organisational factors on the ED-LOS, such as the number of consultations, number of diagnostic tests performed at the ED and the seniority of the physician, is more evident in elderly patients than in the younger group.
The proportion of patients with a prolonged ED-LOS, for research purpose defined as the 75 th percentile of ED-LOS (i.e. ED-LOS 208 minutes), is higher in the elderly. Moreover, 16.3% of the elderly patients have an ED-LOS exceeding 4 hours, which is predominately caused by organisational factors and its effect on the treatment time of elderly patients. Our study shows a clear relationship between the ED-LOS and organisational factors. In accordance with other studies, the number of investigations performed at the ED significantly increased the ED-LOS for elderly patients [25] [26] [27] 34] . Although an extensive diagnostic work-up during ED visits is becoming customary, particularly in elderly patients, it has important implications for emergency care processes [35] . Additionally, the number of consultations involved at the ED is an important contributor to prolonged ED-LOS in the elderly, which is consistent with a study by Vegting et al [23] . In our study, almost 50% of elderly patients with multiple consultations at the ED has an ED-LOS exceeding 4 hours, which may reflect the complexity of the elderly population.
Apart from a beneficial effect on ED-LOS of more staffing at the ED, as reported before, [36] the type of physician appears to be of special importance. Our study shows that the lower seniority of the first treating physician at the ED is a significant determinant for the prolonged ED-LOS in elderly patients. This indicates that experience and education of the ED doctors plays an important role in the occurrence prolonged ED-LOS, especially in the elderly [26, 27] .
Although resources and staffing levels are usually reduced on weekends and during the night, [37] [38] [39] [40] [41] our data show a positive association between ED-LOS and temporal factors, such as day or time of ED arrival, in elderly patients. This might be explained by the number of patients presenting at our ED, as this is considerably lower on weekends or during the night, suggesting that the number of patients at the ED may contribute more to the prolonged ED-LOS of elderly patients than the availability of resources or ED personnel [37, 39] .
A remarkable result is the lack of association between ED-LOS in elderly patients and medical or baseline factors, such as CCI, medication use, and presenting complaint. In addition, the presence of cognitive impairment in elderly patients does not affect ED-LOS. These findings contradict other reviews, in which factors such as comorbidity, atypical presentation and polypharmacy were mentioned to be of major influence in ED evaluation of elderly patients [26, 27] . The only medical factor in elderly patients with influence on ED-LOS in our population is a high urgency level, which is associated with a shorter ED-LOS. This is also in contrast with other studies that found prolonged ED-LOS in critically ill patients [14, 34, 42] . This discrepancy can be explained by the presence of an access block to the ICUs in these studies, caused by the inability to transfer admitted ED patients to ICU beds, which hardly occurs in our hospital.
Another main finding in our study is the difference in impact of organisational factors on ED-LOS between elderly and younger patients. Although several organisational factors contribute to prolonged ED-LOS in the elderly, only multiple consultations in the ED were associated with prolonged ED-LOS in the younger patient group. There is no association between the seniority of the physician, number of tests performed or temporal factors and ED-LOS in younger patients. On the other hand, in younger self-referred patients, the ED-LOS is significantly shorter. These patients typically have no need for diagnostic work-up (25.4%), require only one consultation at the ED (91.2%), and are discharged following the ED visit (80%). Hence, it is predominantly the elderly population that affects the emergency care processes at our ED, as is consistent with other studies [12, 24, 34, 43] .
Limitations
Our findings may have been influenced by several limitations. Firstly, owing to the single-centre setting, our findings may be less applicable to other hospitals and other countries. Although the healthcare system is well organised in the Netherlands, the organisation of emergency care in other countries should be taken into account in interpreting our findings. As a consequence our study may not address some of the problems encountered in other settings. Nevertheless, the findings of our study may very well apply to other settings and explain part of the problems. Secondly, there is a risk of bias, because of the retrospective observational design. It is possible that part of the data were incomplete or incorrect, such as for example ED recording times.
However, we have no reason to believe that the resulting misclassification is differential except for extreme short visits, which may have more missing data than longer visits. Random misclassification of determinants may have diluted contrasts. The reference category of the presenting complaints, being the largest group, comprised a range of signs and symptoms, which may have introduced noise. The effect of missing values for the ED-LOS was evaluated by including these in the analyses. Overall, more data was missing in younger patients than in elderly patients, yet missing data was not associated with a shorter ED-LOS. Thirdly, the relatively small number of younger patients may contribute to a reduced reliability of our results, due to lack of power. Fourthly, in the absence of a generally accepted definition of prolonged ED-LOS, we based the definition of prolonged ED-LOS for our study on the upper quartile of recorded times in the entire population studied. Although, the relevance of ED-LOS >208 minutes is uncertain, it is useful for the identification of risk factors. Lastly, the effect of staffing levels of medical personnel as well as radiology and laboratory staff, and their workload on ED-LOS were not included in our analysis.
Implications
This study emphasises the need for a distinct emergency care approach for elderly patients presenting in the ED. In addition, it suggests that sufficient training of ED doctors for the emergency care of the elderly population can help to assess and treat these patients in a timely and effectively manner [44] .
The negative impact of the number of consultations on the ED-LOS provides an important opportunity to improve care, since the waiting time between assessments can be reduced if collaboration between different disciplines can be enhanced. Therefore, coordination of emergency evaluation by a leading physician at the ED, specifically in elderly patients, could be helpful in improving the quality of acute care and in reducing the ED-LOS [23] . In addition, a possible solution to reduce prolonged ED-LOS caused by an extensive diagnostic work-up is the implementation of diagnostic-triage standing orders, which are medical orders developed for distinct types of complaints performed by ED nurses (advanced triage). This has previously shown to be beneficial in reducing ED treatment times [45] . Moreover, the development of a clinical decision rule or care pathway for elderly ED patients could potentially improve efficiency in emergency care and diagnostic processes and, subsequently, reduce ED-LOS. However, the cost effectiveness of such an intervention needs to be considered.
Reorganisation of emergency care processes, following the implementation of the four hour target in the UK, contributed towards an improvement in patient flow and reduced ED-LOS, although the relevance of a specific cut-off of ED-LOS remains questionable [46, 47] . However, as the number of elderly patients presenting to the ED is expected to increase, the high percentage of prolonged ED-LOS in this population will have a profound impact on EDs. The introduction of a similar target in the Netherlands may facilitate the required modification of the emergency care system in order to improve the quality of acute care [18, 47, 48] .
The risks associated with a prolonged ED-LOS and a complete evaluation need to be weighed against the benefits of a shorter ED-LOS with possible incomplete evaluation, balancing efficiency with accuracy and optimal care in this vulnerable group. Furthermore, patients that would benefit from a higher degree of expertise and are more susceptible to risks associated with prolonged ED-LOS need to be identified. Future prospective studies could examine the impact of prolonged ED-LOS on the quality of care for the elderly and patient outcome, specifically relevant to this population, such as the occurence of complications, hospital LOS and functional decline.
Conclusions
ED-LOS was considerably longer in elderly patients than in younger patients in our ED. Prolonged ED-LOS in elderly patients was associated with medical and organisational factors, such as a higher number of tests or consultations involved during the ED visit and the low seniority of the physician. Baseline factors, such as medical history, appeared to be of limited influence on prolonged ED-LOS. These findings indicate that improving operational efficiency and coordination in emergency care processes by focusing on organisational factors, without compromising quality of care, is necessary to better suit the needs of the continuously growing population of elderly patients in the ED.
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